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© A reclprocatory piston type compressor having a noise and vibration suppressed discharge valve 
mechanism. 
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© A valve plate (4) accommodated in a reciproca- 
tory piston type compressor and arranged between 
an axial end of a cylinder block provided with a 
plurality of cylinder bores in which a plurality of 
double-headed pistons are reciprocated to compress 
a refrigerant gas, and a housing . member provided 
with a suction chamber and a discharge chamber. 
The valve plate (4) is provided with a plurality of 
suction ports communicating .between the suction 
chamber and the plurality of cylinder bores and 
openabiy closed by suction valves, and a plurality of 
discharge ports (20) communicating between the 
discharge chamber and the plurality of cylinder 
bores of the cylinder block. The valve plate (4) is 
provided with surface portions (A) extended around 
each of the discharge ports (20) to be cooperable 
with the spring steel discharge valves for opening 
and closing the discharge ports, and formed to have 
10 through 20 Rz surface roughness and a Vlcker's 



hardness of 120 through 450. 
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A RECIPROCATORY PISTON TYPE COMPRESSOR HAVING A NOISE AND VIBRATION SUPPRESSED 

DISCHARGE VALVE MECHANISM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present Invention relates to a reclprocatory 
piston type compressor for compressing a refriger- 
ant gas, and more particularly, to a reclprocatory 
piston type compressor having a noise and vibra- 
tion suppressed discharge valve mechanism. 

2. Description of the Related Art 

Many reclprocatory piston type compressors, 
such as a swash plate type compressor and a 
wobble plate typ8 compressor are known. A typical 
swash plate type compressor having a reciproca- 
tory piston-operated compressing mechanism for 
compressing a refrigerant gas is shown In Fig. 9. 
The compressor of 'Fig. 9 has a pair of axlally 
combined cylinder blocks 1 and 2 which are closed 
at front and rear opposite ends thereof by a front 
and rear housings 5 and 6, via front and rear valve 
plates 3 and 4, respectively. The front housing 5, 
the front valve plate 3, the cylinder blocks 1 and 2, 
the rear rear vaive plate 4, and the rear housing 6 
are tightly combined together by a suitable number 
of screw bolts ( not shown ). The combined cyl- 
inder blocks 1 and 2 have a swash pfate chamber 
7 formed therein at a connecting portion thereof, 
and a swash plate 9 Is arranged in the swash plate 
chamber 7 to be keyed on a drive shaft 8 extended 
through shaft bores 1a and 2a formed at the center, 
of the combined cylinder blocks 1 and 2. The 
combined cylinder blocks 1 and 2 are provided 
with a plurality of axial cylinder bores 10 radially 
equidlstantly arranged around the axis of the drive 
shaft 8 and axially extended in parallel with the 
center of the drive shaft 8. A plurality of double- 
headed pistons 1 1 are slidably fitted in the plurality 
of cylinder bores 1 0 to be engaged with the swash 
plate 9 via shoes 12, and are reciprocated by the 
swash plate 9 when the swash plate 9 is rotated 
together with the drive shaft 8. 

The front and rear housings 5 and 6 are pro- 
vided with outer suction chambers 13 and . 14 for a 
refrigerant gas before compression, respectively, 
and inner discharge chambers 15 and 16 for the 
refrigerant gas after compression, respectively. The 
swash plate chamber 7 is fluidiy connected to the 
suction chambers 13 and T4 via a suction passage- 
way ( not shown ), and the discharge chambers 15 
and 18 are fluidiy connected to an external refrig* 
erating circuit. 

The front and rear valve plates 3 and 4 are 



provided with suction ports 17 and 18 fluidiy con- 
necting the suction chambers 13 and 14 to the. 
cylinder bores 10, and discharge ports 19 and 20 
fluidiy connecting the cylinder bores 10 to the 

5 discharge chambers 15 and 18. The front and rear 
valve plates 3 are also provided with inner faces, 
respectively, confronting the cylinder bores 10 of 
•the combined cylinder blocks 1 and 2, and covered 
with front and rear suction' vaive sheets having 

io suction valves 21 and 22 which open and close the 
suction ports 17 and 18. The valve plates 3 and 4 
are further provided with outer faces, respectively, 
confronting the front and rear housings 5 and 8, 
and covered with front and rear valve sheets having 

w discharge valves 23 and 24 which open and close 
the discharge ports 19 and 20. Valve retainers 25 
and 26 are arranged behind the discharge valves 
23 and 24, respectively, to limit the opening of the 
discharge valves 23 and 24. 

20 The front and rear discharge valves 23 and 24 
are formed in such a manner that they are in close 
contact with marginal portions of the outer faces of 
the valve . plates 3 and 4, surrounding the discharge 
ports 19 and 20, and therefore, when the pressure 

26 of the refrigerant gas in the cylinder bores 10 rises 
to a predetermined level due to compression by 
the reciprocating pistons 11, the discharge valves 
23 and 24 are bent toward the respective valve 
retainers 25 and 26 to open the discharge ports 19 

30 „ and 20 and thereby permit the refrigerant gas 
compressed In the cylinder bores 10 to be dis- 
charged toward the discharge chambers 15 and 16. 

The above-described reciprocatory piston type 
compressor is supplied with a lubricating oil In the 

35 form of an oil mist suspended in the refrigerant 
gas, and thus, the oil mist is adhered to the end 
surfaces of the front and rear valve plates 3 and 4 
and the surfaces of the front and rear discharge 
valves 23 and 24 in a manner such that the end 

40 surfaces of the front and rear valve plates 3 and 4, 
and the surfaces of the front and rear discharge 
valves 23 and 24, are always coated with an oil 
film. The end faces of the front and rear valve 
plates 3 and 4 also are provided with smooth 

45 surfaces having surface roughness between only 6 
through 7 Rz so that, when the valve plates 3 and 4 
are accommodated in the compressor between the 
axial ends of the cylinder blocks 1 and 2 and the 
front and rear housings 5 and 6, a complete air- 
so tight condition between 'the high pressure region, 
e.g., the discharge chambers 15 and 16 and the 
low pressure region, e.g., the suction chambers 13 
and 14, is achieved without an occurrence of a fluid 
leakage via the surfaces of the valve plates 3 and 
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4, to thereby obtain a high volumetric efficiency in 
the compression of the refrigerant gas. Namely, if 
the surface of the end faces of the valve plates 3 
and 4 is rough, an oozing of the high pressure 
refrigerant gas from the high pressure region to the 
low pressure region via the rough end faces of the 
valve plates 3 and 4 occurs, due to a pressure 
differentia! between the high and low pressure 
sides, and therefore, the volumetric efficiency in 
the compression of the refrigerant gas Is lowered. 

Nevertheless, when the surface of the end 
faces of the valve plates 3 and 4 are smooth, the 
discharge valves 23 and 24 of the valve sheets are 
brought into tight contact with the end face of the 
valve plates 3 and 4 during the closing of the 
discharge ports 19 and 20, due to a surface tension 
exhibited by the oil film coating the valve plates 3 
and 4. Accordingly, during the operation of /the 
compressor the discharge valves 23 and 24 of the 
valve sheets are not separated from the end faces 
of the valve plates 3 and 4, to open the discharge 
ports 19 and 20, until the refrigerant pressure in the 
cylinder bores 10 rises to a pressure level suffi- ' 
cient to overcome the surface tension and the . 
adhesive force of the oil film, and therefore, an 
excessive compression occurs in each of the cyl- 
inder bores 10. Thus, when the discharge valves 
23 and 24 are opened under such an excessive 
compression of the refrigerant gas in the cylinder 
bores 10, the compressed gas bursts but of the 
cylinder bores 10 Into the discharge chambers 15 
and 16, and the ends of the opened discharge 
valves 23 and 24 violently collide with the valve 
retainers 25 and 26. Therefore, the compressor and 
the surrounding mechanisms generate an undesira- 
ble pulslve vibration and noise. ' 

To overcome the above-mentioned vibration 
and noise problems encountered by the conven- 
tional reclprocatory piston type compressor, the 
present assignee company has already made sev- 
eral proposals. For example, U.S. Patent No. 
4,781,540 to Ikeda et al discloses an asymmetric 
valve mechanism for a piston type compressor. 
Nevertheless, the present inventors have continued 
their experiments, to obtain a iess costly method of 
solving the above-mentioned problems, and ac- 
cordingly, experimented with a roughening of the 
end faces of the valve plates at particular portions 
surrounding each of the discharge ports and com- 
ing into contact with the discharge valves, to pre- 
vent the above-mentioned tight contact between 
the discharge valves and the valve plates. As a 
result, the occurrence of an excessive compression 
of the refrigerant gas in the cylinder bores could be 
reduced, and therefore, the noise and vibration 
were suppressed. Nevertheless, it was found, that, 
when the discharge valves 23 and 24 repeatedly 
collide against the valve plates to close the dis- 



charge ports of the valve plates 3 and 4. the 
roughened portions of the end faces of the. valve 
plates 3 and 4 are gradually abraded and become 
smooth, and accordingly, the excessive compres- 
5 sion of the refrigerant gas in the cylinder bores 10 
gradually reoccurs. Namely, It Is difficult to prevent 
the occurrence of the excessive compression of 
the refrigerant gas In the cylinder bores 10 after a 
long time usage of the compressor. 

10 

SUMMARY OF THE INVENTION 

Therefore, an object of the present Invention is 
to provide- a reclprocatory piston type compressor 
75 provided with a discharge valve mechanism ca- 
pable of reducing noise and vibration caused by an 
excessive compression of the refrigerant gas for a 
long time. 

Another object of the present invention is to 
20 provide a discharge valve mechanism for a re- 
clprocatory piston type compressor, capable of re- 
ducing noise and vibration by a lower cost manu- 
facturing method. 

In accordance with the present invention, there 
25 Is provided a reclprocatory piston type compressor 
which comprises: 

a cylinder block having a plurality of axial cylinder 
bores formed therein as compressing chambers for 
permitting pistons therein to be reciprocated to 

30 compress a refrigerant gas; 

at least a housing closing an axial end of the 
cylinder block for forming a suction chamber re- 
ceiving' therein a refrigerant gas to be compressed 
and a discharge chamber for receiving a com- 

3S pressed refrigerant gas; 

a valve plate arranged between the axial end of the 
cylinder block and the- housing, and having a first 
end face confronting the axial end of the cylinder 
block, an opposite second end face confronting the 

40 housing, a plurality of suction ports for fluidly com- 
municating between the suction chamber of the 
housing and the compression chambers, and a 
plurality of discharge ports for fluidly communicat- 
ing between the compression chambers and the 

45 discharge chambers of the housing; 

a suction valve means arranged to be in close 
contact with the first end face of. the valve plate, 
and having a plurality of suction valves cfosably 
opening the suction ports of the valve plate in 

so response to a reciprocating motion of the pistons; 
and 

a discharge valve means arranged to be in close 
contact with the second face of the valve plate, and 
having a plurality of discharge valves closably 
55 opening the discharge ports of the valve plate In 
response to a reciprocating motion of the pistons, 
wherein said second end face of said valve plate 
has a plurality of surface portions extended around 
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each of said plurality of discharge ports, and 
formed to have a predetermined surface rough- 
ness, each of said surface portions being subjected 
to a hardening treatment to a Vicker's hardness of 
120 through 450. 

In accordance with the above-mentioned re- 
ciprocatory piston type compressor, when a pres- 
sure level in the cylinder bores is increased due to 
the compression of tho refrigerant gas by the recip- 
rocation of the pistons during the closing of the 
discharge valves, the compressed refrigerant gas 
oozing from the cylinder bores enters the roughen- 
ed portions of the second end face of the valve 
plate to remove a lubricating oil from between the 
valve plate and the discharge valves, and accord- 
ingly, the surface tension of the lubricating oil is 
lowered to thereby loosen the tight contact be- 
tween the second end face of the valve plate and 
the discharge valves. Further, the above-mentioned 
compressed refrigerant gas entering the. roughened 
portions of the second end face of the valve plate 
lowers a pressure acting on the discharge valves 
from the side of the discharge chamber, and there- 
fore, the discharge valves become easier to open. 
Therefore, when the pressure in the cylinder bores 
reaches a predetermined level due to the compres- 
sion of the refrigerant gas, the discharge valves are 
readily opened. Accordingly, an occurrence of an 
excessive compression of the refrigerant gas In the 
cylinder bores can be prevented, to thereby sup- 
press noise and vibration of the discharged refrig- 
erant gas. 

When the discharge valves return to the posi- 
tion closing the discharge ports of the valve plate, 
the dlscharige valves collide with the end faces of 
the valve plate. Nevertheless, since the roughened 
portions of the second end face of the valve plate 
surrounding respective discharge ports are har- 
dened to a Vicker's hardness of 120 through 450, 
the roughened portions of the valve plate are not 
easily abraded, and accordingly, the noise and 
vibration reduction effect can be maintained for a 
long time. 

BRIEF DESCRIPTION OF THE QHAWINGS 

The above and other objects, features, and 
advantages of the present invention will be made 
more apparent from the ensuing description of the 
embodiment in conjunction with the accompanying 
drawings wherein; 

Fig. 1 is a partial enlarged front view of a 
surface-roughened portion of a valve plate and a 
cooperating discharge valve, according to the 
present invetlon; 

Fig. 2 is a front view of a valve plate having .a 
plurality of discharge ports and a valve sheet 
having the corresponding number of discharge 



valves, according to the present invention; 
Figs. 3 A and 3B are partial enlarged cross- 
sectional views of the valve plate and the dis- 
charge valve according to the present invention, 
5 illustrating the two different operating conditions 
thereof, 

Fig. 4A Is a graphical view, illustrating the rela- 
tionship between an angle of rotation of a swash 
plate and a pressure level In cylinder bores in 

10 the case, wherein the conventional valve plate Is 
accommodated in a reciprocatory piston type 
compressor according to the prior art: 
Fig. 4B (s a graphical view, illustrating the rela- 
tionship between an angle of rotation of a swash 

16 plate and a pressure level In cylinder bores of 
the reciprocating piston type compressor pro- 
vided with the discharge valve mechanism ac- 
cording to the present invetion; 
Fig. 5 is a graphical view, illustrating the rela- 

20 tionship. between the surface roughness of a 
valve plate accommodated in- a reciprocating 
piston type compressor and the volumetric effi- 
ciency exhibited by the compressor; 
Fig. 6 is a graphical view, illustrating the rela- 

25 tionship between the surface roughness of a 
valve plate accommodated In a reciprocating 
piston type compressor and the noise level; 
Fig. 7 is graphical view, illustrating the relation- 
ship between the hardness of the surface- 

30 roughened portion of a valve plate accommo- 
dated in a reciprocating piston type compressor 
and a change in a noise level; 
Fig. 8 is a graphical view, illustrating the rela- 
tionship between the running hour of a re- 

35 ciprocatory piston type compressor and a 
change in a noise level, with the two cases 
wherein only surface-roughening treatment Is 
applied to portions around discharge ports of the 
valve ptate, and surface-roughening and surface- 

40 hardening treatments are applied to portions ar- 
ound the discharge ports of the valve plate; and, 
Fig. 9 Is a longitudinal cross- sectional view of a 
reciprocatory piston type compressor in which 
the discharge valve mechanism according to the 

45 prior art is accommodated but a discharge valve 
mechanism of the present invention may be 
similarly accommodated. 

DESCRIPTION OF THE PREFERRED EMBODI- 
50 MENTS 

The description of a discharge valve mecha- 
nism for a reciprocatory piston type compressor 
embodying the present Invention will be given 
55 hereinafter with reference to the illustrations of 
Figs. 1 through 8, It should be noted that, since the 
construction of the reciprocatory piston type com- 
pressor embodying the. present Invention Is the 
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same as that of the prior art, except for the con- 
struction of the valve plate, the same reference 
numerals as those used in Fig, 9 will be used to 
designate corresponding elements and parts of the 
compressor according to the present invention. It 
should be further noted that, since the front and 
rear sides of the compressor exhibit substantially 
the same operation, the discharge valve mecha- 
nism on the rear side of the compressor will be 
exemplified hereinafter. 

A valve plate 4 to be accommodated in the 
reciprocatory piston type compressor is made of 
Iron, and is provided with a first flat face 4a con- 
fronting the cylinder block 2 { Fig. 9 ), a second flat 
face 4b confronting the housing 6 ( Fig. 9 ), and a 
plurality of ( five in the present embodiment ) 
suction and discharge ports 18 and 20 formed 
therein. As shown In Fig. 2, the valve plate 4 Is also 
provided with a plurality of through-holes 27, each 
arranged between two neighbouring suction ports 
18 and permitting screw bolts ( not shown ) to pass 
therethrough to thereby axially combine the cyl- 
inder blocks 1 and 2, and the front and rear hous- 
ings 5 and 8. 

The valve plate 4 has portions designated by n 
A " in the second face 4b, and each portion " A " 
of the valve plate 4 surrounds one of the discharge 
ports 20 as Illustrated in Fig. 1 and has a surface 
area slightly larger than that of a front end portion 
24a of a discharge valve 24 operating to openably 
close the discharge port 20. Each portion " A " of 
the valve plate 4 is subjected to a roughening 
treatment to a more than 10 through 20 Rz surface 
roughness. The remaining portion of the second 
surface 4b of the valve plate 4 Is formed to have an 
approximately 6 through 7 Rz surface roughness, 
similar to the valve plate of the prior art. The 
surface-roughened portions " A " of the valve plate 
4 are subjected to a surface hardening treatment, 
to a 120 through 450 Vicker's hardness ( Hv ). 
Namely, to obtain a desired surface hardness, the 
valve plate 4 is either made of e.g., a carbon steel 
which can be hardened by quenching, such as 
S45C steel according to the Japanese Industrial 
Standard ( JIS G 3102 ), or a different type of steel 
material obtained by hardening, e.g., a hot rolled 
steel plate by increasing an amount of carbon and 
a manganese component contained therein. 

Referring to Fig. 3, when the discharge valve 
24 closes the discharge port 20 of the valve plate 
4, the discharge valve 24 is In substantially close 
contact with the portion " A " surrounding the 
discharge port 20. Subsequently, when the com- 
pression of a refrigerant gas by the piston 11 
causes a rise In a pressure level in the cylinder 
bore 10 to approach a level sufficient for opening 
the discharge port 20 by lifting the discharge valve 
24, the compressed refrigerant gas forcibly enters 



between the roughened portion " A " of the valve 
plate 4 and the discharge valve 24 while removing 
a lubricating oil from between the valve plate 4 and 
the discharge valve 24, and accordingly, the strong 
5 contact between the discharge valve 24 and the 
face 4b of the valve plate 4 by a surface tension of 
the lubricating oil is weakened. Also, a differential 
between forces acting on the discharge valve 24 
from both sides thereof, i.e., from the side of the 
10 discharge chamber 16 and from the side of the 
cylinder bore. 10. is reduced. Accordingly, the dis- 
charge valve 24 becomes ready for being lifted to 
open the discharge port 20. Therefore, as soon as 
the pressure in the cylinder bore 1 0 rises to a level 
75 sufficient for moving the discharge valve 24 away 
from the face 4b of the valve plate 4, the discharge 
port 20 of the valve plate 4 is immediately opened. 
Namely, the discharge valve 24 Is moved from the 
closing to opening positions thereof at a desired 
20 timing under a predetermined pressure level pre- 
vailing in the cylinder bore 10. Therefore, the dis- 
charge valve 24 can be prevented from causing a 
strong collision with the valve retainer 26 located in 
the discharge chamber 16, and accordingly, a gen- 
25 eration of noise is suppressed. In addition, since 
the refrigerant gas is not excessively compressed, 
a generation of vibration and noise due to a burst- 
ing of the compressed refrigerant gas out of the 
cylinder bore 10 is prevented, and a pulsation of 
30 the discharge pressure of the compressed refriger- 
ant gas is sufficiently lessened. 

Figures 4A and 4B illustrate results of mea- 
surement of a change in the pressure within the 
cylinder bore 10 during one complete rotation of 
35 the swash plate 9 ( Fig. 9 ) when the compressors 
provided with the valve plates 3 and 4 according to 
the present invention and the prior art, respectively 
were operated under the running condition set forth 
below. 

40 The number of rotation of the compressors : 1,000 
R.R.M 

The suction pressure of the refrigerant gas : 2 
Kg/cm 2 

The discharge pressure of the refrigerant gas : 15 

46 Kg/cm 2 

From the comparison between the illustrations 
of Figs. 4A and 4B, it is confirmed that an exces- 
sive pressure occurring in the compressor provided 
with the valve plates according to the present In- 

50 vention Is less than that occurring in the compres- 
sor provided with the valve plates according to the 
prior art. From these results, it is understood that, 
in accordance with the present Invention, a noise 
and vibration suppression and a reduction in the 

55 pulsation of the discharge pressure are achieved. 

Nevertheless, when the surface roughness of 
the portions " A * of the valve plate 4 surrounding 
the discharge port 20 Is extreme, a leakage of the 
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compressed refrigerant gas occurs even during the 
closing position of the discharge valve 24, and 
accordingly, the volumetric efficiency in the com- 
pression of the refrigerant gas by the compressor 
will be reduced. Consequently, the operating effl- s 
clency of the reciprocatory piston type compressor 
is lessened Namely, the surface roughness of the 
portions " A n of the valve plates 3 and 4 must not 
be excessively roughened. 

Figure 5 illustrates a result of experiments con- 10 
ducted to measure a change in the volumetric 
efficiency in the compression of the refrigerant gas 
with respect to various surface roughnesses, of the 
portions " A " surrounding the discharge ports 20. 
From the illustration of Fig. 5, it is understood that, 15 
although the volumetric efficiency is maintained 
' approximately constant with a change in the sur- 
face roughness of the valve plates from 0 through 
20 Rz, the volumetric efficiency is lowered with an 
Increase in the surface roughness of the valve plate 20 
4 to more than 20 Rz. 

Also, an experiment was conducted to measure 
a change In the noise level with a change in the 
surface roughness of the portions " A " of the valve 
. plate 4. Figure 6 illustrates the result of the above- 25 
mentioned experiment. 

it can be seen from the illustration of Fig. 6 
that, when the surface roughness of the portions " 
A " of the valve plate 4 is increased to more than. 
10 Rz, the noise level is reduced by approximately 30 

3 dB, and that the noise levels at 20 and 30 Rz. 
surface roughnesses are substantially the same.. 
Therefore, it can be understood that a preferable 
surface roughness of the portions "A" of the valve 
plate 4 is approximately 10 through 20 Rz. It was, 35 
however, confirmed from an conducted experiment 
that, when the entire end face 4b of the valve plate 

4 was roughened to a 10 through 20 Rz surface 
roughness, the sealing characteristic between the 
valve plate 4 and the gasket, i.e., the valve sheet, 40 
was deteriorated to cause a leakage of the com- 
pressed refrigerant at various portions of the com- 
pressor. Thus, the entire face 4b of the valve plate 

4 should not be roughened. 

Figure 7 illustrates a result of an experiment 46 
wherein a change in the noise level with a change 
in the surface hardness of the roughened portions 
" A " of the valve plate 4 was measured. In Fig. 7, 
the change in the noise level on the ordinate in- 
dicates a difference, between the noise levels mea*- $0 
sured at times before and after the continuous 
operation of the compressor for a long time ( in the 
conducted experiment, a continuous operation for 
100 hours ). When conducting the experiment, the 
valve plates 4 provided with the roughened por- 55 
tions n A " having a Vicker's hardness ( Hv ) of 300 
or more, were obtained by subjecting these plates 
4 to a hardening treatment using the quenching 



method, and the valve plates 4 provided with the 
roughened portions " A " having a Vicker's hard- 
ness of 120 and 150 were obtained by making 
these valve plates of the afore-mentloned hot rolled 
steel plate after adjusting the amounts of the car- 
bon and manganese components. 

It is understood from Fig. 7 that, although when 
a valve plate 4 having a Vicker's hardness of less 
than 100 was used, the change in the noise level 
was 3 dB, the change in the noise level could be 
lessened to 1 dB by using a valve plate 4 having a 
Vicker's hardness of 120 through 460. When the 
hardness of the roughened portions " A " of the 
valve plate 4 is, however, increased beyond a 
Vicker's hardness of 450, it was understood that 
the discharge valves 24 made of generally a spring 
steel having a Vicker's hardness of 510 through 
570 we're gradually abraded due to repeated con- 
tact between the roughened and hardened portions 
" A " of the valve plate 4, and accordingly, the 
contacting area of the discharge valves 24 was 
gradually increased to generate an unfavorable ad- 
hering condition between the discharge valves 24 
and the valve plate 4. Thus, the discharge valves 
24 could not be adequately opened, and large 
noise was generated. Consequently, it was con- 
firmed that a desirable hardness of the roughened 
portions " A" of the valve plate 4 was a Vicker's 
hardness of 120 through 450. 

Figure 8 illustrates a result of a further experi- 
ment indicating an advantage obtained from the 
present invention. In the experiment of Fig. 8, a 
first piston type compressor accommodating there- 
in valve plates made of hot rolled steel plate having 
; 100 Vicker's hardness and provided with merely 
roughened portions " A' " around the discharge 
ports 19 and 20, and a second piston type com- 
pressor accommodating therein valve plates pro- 
vided with roughened and hardened portions " A " 
around the discharge ports 19 and 20 were con- 
tinuously operated for 1,000 hours to measure a 
change in the noise level with respect to a lapse of 
time. The valve plates 3 and 4 of the second 
compressor were given a Vicker's hardness of ap- 
proximately 400 by subjecting these valve plates to 
a hardening treatment by the quenching method. 

It is understood from the graphs of Fig. 8 that 
the noise level of the first and second compressors 
was increased with a lapse of time, Particularly, 
from the start of the operation to 100 hours of 
operation, a large Increase In the noise level was 
observed, but after 100 hours of operation, an 
Increase in the noise level of both compressors 
was moderate, in Fig. 8, an Increase in the noise 
level exhibited by the first piston type compressor 
using the valve plates having a Vicker's hardness 
of 100 was 3 dB after the continuous operation for 
100 hours from the start of the operation, but that 
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exhibited by the second piston type compressor 
using the valve pfate having a Vickerfs hardness of 
400 was only 1 dB. 

Furthermore, although not shown In Fig. 8, a 
third compressor using the vaive plates made of 5 
hot rolled steel plate having a Vicker's hardness of 
150 was subjected to the same experiment as 
those for the first and second compressors. As a 
result, the change in the noise level with a lapse of 
the operating time, as exhibited by the third com- ro 
pressor, was approximately the same as that exhib- 
ited by the second compressor using valve plates 
having a Vicker's hardness of 400. Namely, ft was 
confirmed that, by appropriately increasing the 
hardness of the roughened portions of the valve is 
plate around the discharge ports 19 and 20, a 
suppression of noise can be effected for a long 
operating time of the piston type compressor. 

in the above-described various experiments, 
the. measurement . of the surface roughness { Rz ) 20 
of the portions M A n of the vafve plate 4 was 
performed by the surface roughness measuring 
machine, Model SE-3FK. manufactured and sold 
by Kosaka Kenkyushd in Japan, under a measuring 
condition such that longitudinal and -lateral powers 25 
of the device were set at t.OOO x 20, and a mea- - 
suring length was 2.5 mm. 

The measurement of the surface hardness of 
the portions " A " of the valve plate 4 was per- 
formed by the Vicker's hardness measuring ma- 30 
chine, manufactured and sold by Matsuzawa Seikl 
Co, Ltd.. in Japan, under a measuring condition 
such that a 10 Kg load was applied for 15 seconds. 
The measuring machine was mounted on a con- 
ventional workshop bench. 35 

in the described embodiment of the present 
Invention, It should be understood that the roughen- 
ed portions " A " of the valve plates 3 and 4 may 
be hardened by methods other than the described 
quenching method and the method of adjusting the 40 
amount of carbon and manganese components of 
the hot rolled steel plate. For example, a surface 
hardening by nitriding, and the method of spraying 
a hard material or materials on the surface of the 
roughened portions may be applied. 45 

Further, the recfprocatory piston type compres- 
sor to which the present invention is applied may 
be either a double-headed piston operated swash 
plate type compressor or a variable capacity wob- 
ble plate type compressor, in the case of the 50 
double-headed piston operated swash plate type 
compressor, the suction chambers may be ar- 
ranged at the central portion of the front and rear 
housings, and the discharge chambers may be 
arranged at circumferential portions of the front and 55 
rear housings. 

Furthermore, the described valve plate made of 
a single piece of iron or steel plate may be re- 



placed with a two layer type valve plate such that a 
first thin iron plate member having a face coated 
with .a resin film such as a synthetic rubber film, is 
fixedly attached to a face of a second valve plate 
member, which face confronts the discharge cham- 
ber of the compressor. 

From the foregoing it will be understood that, In 
accordance with the present invention, the dis- 
charge valve mechanism of the reciprocatory pis- 
ton type compressor Is improved so that the dis- 
charge valves made generally of spring steel are 
always smoothly opened at -an optimum timing 
when a pressure level In the cylinder bores rises to 
a desired level. Therefore, an occurrence of an 
excessive compression of the refrigerant gas in the 
cylinder bores is prevented, and accordingly, a 
generation of noise and vibration due to a bursting 
of the over-compressed refrigerant gas out of the 
cylinder bores is suppressed, .and a pulsation of 
the discharge pressure from the compressor can 
be lowered. 

A vaive plate accommodated in a reciprocatory 
piston type compressor and arranged between an 
axial end of. a cylinder block provided with a plural- 
ity of cylinder bores in which a plurality of double- 
headed pistons are reciprocated to compress a 
refrigerant gas, and a housing member provided 
with a suction chamber and a discharge chamber. 
The valve plate is provided with a plurality of 
suction ports communicating between the suction 
chamber and the plurality of cylinder bores and 
openably closed by suction valves, and a plurality 
of discharge ports communicating between the. dis- 
charge chamber and the plurality of cylinder bores 
of the cylinder block. The valve plate is provided 
with surface portions extended around each of the 
discharge ports to be cooperable with the spring 
steel discharge valves for opening and closing the 
discharge ports, and formed to have 10 through 20 
Rz surface roughness and a Vicker's hardness of 
120 through 450. 

Claims 

1. A reciprocatory piston type compressor com- 
prising: 

a cylinder block having a plurality of axial 
cylinder bores formed therein as compressing 
chambers for permitting pistons therein to be 
reciprocated to compress a refrigerant gas; 
at least a housing closing an axial end of the 
cylinder block for forming a suction chamber 
receiving therein a refrigerant gas to be com- 
pressed and a discharge chamber for receiving 
a compressed refrigerant gas; 
a valve plate arranged between the axial end 
of the cylinder block and the housing, and 
having a first end face confronting the axial 
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end of the cylinder block, an opposite second 
end face confronting the housing, a plurality of 
suction ports for flu idly communicating be- 
tween the suction chamber of the housing and 
the compression chambers, and a plurality of 5 
discharge ports for fluldly communicating be- 
tween the compression chambers and the dis- 
charge chambers of the housing; 
a suction valve means arranged to be In close 
contact with the first end face of the valve 10 
plate, and having a plurality of suction valves 
closably opening the suction ports of the valve 
plate In response to a reciprocating motion of 
the pistons; and 

a discharge valve means arranged to be in rs 
close contact with the second face of the valve 
plate, and having a plurality of discharge 
' valves closably opening the discharge ports of 
the valve plate In response to a reciprocating 
motion of the pistons, 20 
wherein said second end face of said valve 
plate has a plurality of surface portions ex- 
tended around each of said plurality of dis- 
charge ports, and formed to have a predeter- 
mined surface roughness, each of said surface 25 
portions being subjected to a hardening treat- . 
ment to a Vlcker's hardness of 120 through 
450. . 

2. A reciprocatory piston type compressor ac- 30 
cording to claim 1 , wherein said predetermined 
surface roughness of said each surface portion 

of said second face of said valve plate is 10 
through 20 Rz. • 

35 

3. A reciprocatory piston type compressor ac- 
cording to claim 1, wherein said each surface 
portion of said second face of said valve plate 
is hardened to a Vlcker's . hardness of 300 
through 450. 40 

4. A reciprocatory piston type compressor ac- 
cording to claim 1 , wherein said valve plate is 
made of a carbon steel, and wherein said each 
surface portion of said second face of said 45 
valve plate is hardened by quenching. 

5. A reciprocatory piston type compressor ac- 
cording to claim 1 , wherein said valve plate is 
made of a hot rolled steel having 3 hardness so 
increased to said predetermined surface hard- 
ness by adjusting an amount of carbon and 
manganese components contained therein. 

6. A reciprocatory double-headed piston type 55 
compressor comprising: 

a cylinder block having a plurality of axial 
cylinder bores formed therein as compressing 



chambers for permitting therein double-headed 
pistons to be reciprocated to compress a re- 
frigerant gas; 

front and rear housings closing axlally front 
and rear ends of said cylinder block for for- 
ming front and rear suction chambers receiving 
therein a refrigerant gas to be compressed and 
front and rear discharge chambers for receiv- 
ing a compressed refrigerant gas; 
a front valve plate arranged between said ax- 
lally front end of said cylinder block and said 
front housing, and having a first- end face con- 
fronting said axlally front end of said cylinder 
block, an opposite second end face confront- 
ing said front housing, a plurality of suction 
ports for fluldly communicating between said 
front suction chamber of said front housing and 
said compression chambers of said cylinder 
block, and a plurality of discharge ports for 
fluidly communicating between said compres- 
sion chambers of said cylinder block and said 
discharge chambers of said front housing; 
a rear valve plate arranged between said ax- 
iaily rear end of said cylinder block and said 
rear housing, and having a first end face con- 
fronting said axially rear end of said cylinder 
block, an opposite second end face confront- 
ing said rear housing, a plurality of suction 
ports for fluldly communicating between said 
rear suction chamber of said rear housing and 
said compression chambers of said cylfnder 
block, and a plurality of discharge ports for 
fluldly communicating between said compres- 
sion chambers of said cylinder block and said 
discharge chambers. of said rear housing; 
suction valve means arranged to be in close 
contact with the first end face of each of said 
front and rear valve plates, and having a plural- 
ity of suction valves closably opening the suc- 
tion ports of said front and rear valve plate in 
response to a reciprocating motion of said 
double-headed pistons; and 
discharge valve means arranged to be in close 
contact with the second face of each of said 
front and rear valve plates, and having a plural- 
ity of discharge valves made of spring steel 
and closably opening said discharge ports of 
said front and rear valve plates in response to 
a reciprocating motion of said double-headed 
pistons, 

wherein said second end face of each of said 
front and rear valve plates has a plurality of 
surface portions extended around each of said 
plurality of discharge ports, and formed to 
have a predetermined surface roughness, each 
of said surface portion being subjected to a 
hardening treatment to a Vlcker's hardness of 
120 through 450. 
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A reciprocatory double-headsd piston type 
compressor according to claim 8, wherein said 
compressor is a swash plate type compressor. 
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Fig. 3A 
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Fig. 4 A 



EXCESSIVE 
COMPRESSION 




360* 

ROTATING ANGLE OF THE 
SWASH PLATE 



Fig. 4B 




EXCESSIVE 
COMPRESSION 



360° 



ROTATING ANGLE OF THE 
SWASH PLATE 



13 



EP 0 438 055 Ai 



>- 
O 

o 

as 

ocn 

UjQ- 



DO 
-JO 

§s 



^lu 70 



60 - 



L 



F/y. 5 



0 10 20 30 (RZ) 

SURFACE ROUGHNESS OF THE 
VALVE PLATE AR0UDN THE 
DISCHARGE PORT 



Fig. 6 



> 



111 

00 

O 



(dB) 
70 

65 
60 




0 10 20 30 (RZ) 

SURFACE ROUGHNESS OF THE 
VALVE PLATE AR0UDN THE 
DISCHARGE PORT 



14 



EP 0 438 055 Al 



Fig. 7 




< 

IE 
O 



Hv100 HV200 HV300 HV400 HV500 Hv6O0 
HARDNESS OF THE 



ROUGHENED SURFACE PORTION 



0Q. 

_J 

111 
> 

LU 



ULi 

o 



Fig. 8 




THE FIRST 
OMPRESSOR (lOOHv) 

THE SECOND 
COMPRESSOR 
(400Hv) 



0 



100 



1000 (Hr) 



THE RUNNING HOUR 



15 




16 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 
EP 91 10 0059 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant. Cl.5) 



DE-A-2 162 031 (FISCHER) 

* page 2, paragraphs 2 - 5 ■ * page 3, line 4 - last paragraph; 
figure 1 * 

EP-A-0 129 738 (MITSUBISHI) 

* page 3, [fne 25 - page 5, line 22 * * page 8, line 14 - page 
15, line 18; figures 1-8* 

EP-A-0 231 955 (MITSUBISHI) 

* page 3, line 12 - page 4, line I2;.figures 1-9 * 

US-A-4 507 059 (KOBAYASHi) 

* column 1 , lines 34 - 52; figures 9-11" 

DE-A-3 447 194 (KRUG) 

* the whole document * 



1,8 



1,6 



1.6 



1.6,7 



Trie present search report has been drawn up for ail claims 



F04B 
39/10 



TECHNICAL FIELDS 
SEARCHED (int. Cl.5) 



F04B 



Place of search 



The Hague 



Date of completion of search 

23 April 91 



Examiner 
VON ARX HP. 



CATEGORY OP CITED DOCUMENTS 
X: particularly relevant If taken alone 
Y : particularly relevant If combined with another 

document of the same category 
A: technological background - 
O: non-written disclosure 
P : Intermediate document 
T : theory or principle underlying the Invention 



E : earlier patent document, but published on, or after 

the filing date 
D: document cited In the application 
L ; document cited for other reasons 

&: member of the same patent family, corresponding 
document 



